We conducted a multicenter, randomized, open-label trial to compare mefloquine with a 3-day quinine plus sulphalene-pyrimethamine (SP) regimen for the treatment of imported uncomplicated malaria acquired in Africa. The end points of the study were efficacy, tolerability, and length of hospital stay. From July 1999 to February 2003, 187 patients were enrolled in five centers in Italy, of whom 93 were randomized to receive mefloquine (the M group) and 94 were randomized to receive quinine plus SP (the QSP group). Immigrants and visiting relatives and friends represented 90% of the cases and were mainly from western African countries. A slightly increased proportion of cases in the QSP group had abnormal alanine aminotransferase levels at the baseline. The early cure rate was similar in the two groups: 98.9% (confidence interval [CI] ‫؍‬ 97 to 100%) in the M group and 96.8% (CI ‫؍‬ 93 to 100%) in the QSP group. The extended follow-up was completed by 135 subjects (72.2%), and no case of recrudescence was detected. There were no differences in the parasite clearance time, but patients in the M group had shorter mean fever clearance time (35.9 h versus 44.4 h for the QSP group; P ‫؍‬ 0.05) and a shorter mean hospital stay (3.9 days versus 4.6 days for the QSP group; P ‫؍‬ 0.007). The overall proportions of reported side effects were similar in the two groups, but patients in the M group had a significantly higher rate of central nervous system disturbances (29.0% versus 9.6% for the QSP group; P < 0.001).
Malaria is the world's most important parasitic infection (5) . Although it has been eradicated from temperate zones, each year an increasing number of travelers from these areas are exposed to the risk of malaria while visiting tropical countries. The risk for travelers to sub-Saharan African countries is estimated to be 1.5 to 2.4% per month of exposure in the absence of chemoprophylaxis (13) . The number of malaria cases reported in European countries each year reaches 11,000, and the number of patients with falciparum malaria is estimated to be 8,000 per year; significant underreporting is assumed (6) . In Italy Plasmodium falciparum malaria is the leading cause of fever imported from the tropics. The incidence of malaria in Italians who traveled to Africa is estimated to be 1.5/1,000 (9) . Imported malaria in Italy is gradually becoming problematic among foreign-born persons from areas of endemicity, especially West Africa. This seems to be related to the rising flow of immigrants from Africa (3) .
The regimens used in Europe for the treatment of uncomplicated falciparum malaria include quinine, either alone or in combination with tetracycline or sulfa drug combinations, and mefloquine (7, 14, 16) . Newer regimens, including the fixed combinations of atovaquone-proguanil and artemether-lumefantrine, are slowly being introduced, even in the absence of efficacy data from randomized trials with nonimmune subjects. When infections are sensitive to quinine, a 3-day course of quinine and sulfadoxine-pyrimethamine can be given to overcome the problem of poor compliance with longer regimens (4, 8, 16) . Sulfadoxine-pyrimethamine resistance occurs frequently in Southeast Asia and South America and occurs to such an extent that these combinations have questionable efficacies against infections acquired in these areas. Although sulfadoxine-pyrimethamine resistance is also spreading in Africa (2), the effects of resistance on the efficacy of the combination are still unclear (12) .
No comparative studies of the drugs commonly used to treat imported malaria have been conducted. In a retrospective analysis of falciparum malaria cases in northern Italy, we reported (7) significantly shorter fever clearance times and hospital stays for patients treated with mefloquine compared to those for patients treated with quinine.
We now report on the results of a prospective study conducted to measure the efficacy and tolerability of mefloquine compared to those of quinine plus sulphalene-pyrimethamine (SP; Metakelfin) given for 3 days in adults with uncomplicated falciparum malaria imported from Africa. Patients. Patients with a diagnosis of acute uncomplicated P. falciparum malaria were enrolled if they were over 18 years of age and had acquired P. falciparum infection in Africa.
MATERIALS AND METHODS
The patients were divided into Italians and foreign-born individuals. The foreign-born individuals with malaria were further classified as immigrants who had first arrived in Italy and individuals who had been visiting relatives and friends (VRF) if they were residents of Italy and had returned back home for a short visit.
Diagnosis was always based on evidence of asexual P. falciparum parasites on Giemsa-stained thin and thick films of peripheral blood.
Patients were excluded from the study if they were diagnosed with severe or complicated malaria, defined according to the criteria set by the World Health Organization, which were revised during the conduct of the trial (15, 17) . Other exclusion criteria were an inability to consume oral medications, pregnancy, the presence of a mixed parasite infection, and a history of malaria treatment (any regimen) in the 2 months preceding enrollment.
The trial was conducted in accordance with the principles of the Helsinki Declaration and its Hong Kong Amendment and according to the principles of good clinical practice, as defined by the European Community guidelines and recommendations (guideline III/3976/88-EN).
Treatment. Patients were randomly assigned to receive either mefloquine or a combination of quinine plus SP (Metakelfin). Patients randomized to the mefloquine arm (the M group) received the drug at 25 mg/kg of body weight in three doses. The average adult dose was administered as follows: three tablets on recruitment, two tablets after 6 h, and one tablet after an additional 6 h. Patients randomized to the quinine plus SP arm (the QSP group) received 30 mg of quinine/kg in three doses a day for 3 days and a single dose of SP at 1.25/25 mg/kg, given on the first day. The drugs were readministered if vomiting occurred within 1 h of swallowing.
The protocol design allowed patients who dropped out of the study due to disease progression or vomiting to be treated with intravenous quinine.
End points. The primary end point for efficacy was the early cure rate, defined as clinical and parasitological cure before discharge from the hospital. Patients who dropped out of the study due to adverse events were considered treatment failures. A secondary end point was the rate of recrudescence during the 28 days of follow-up. Additional treatment end points were the time required for parasite clearance, the parasite reduction ratio, the time to the clearance of fever, and the time of hospital stay.
The primary end point for tolerability was the rate of emergence of adverse events during the follow-up period during the hospital stay. Indications for early study termination were progression to severe or complicated disease; the occurrence of adverse events possibly related to study medication that, in the treating physician's opinion, warranted treatment discontinuation; and, lastly, the patient's decision. A follow-up visit was scheduled on day 28 after hospital discharge.
Measurements. All patients were hospitalized during the acute phase of illness. A physical examination was done daily, and the temperature was recorded every 6 h. The clearance of fever was calculated as the time between admission and the first measurement below 37.0°C that was not followed by a resurgence of fever. The administration of ancillary medications (antipyretics and antiemetics) was recorded, as was the need to readminister antimalarial medications due to vomiting.
Parasitemia was quantified with a Giemsa-stained blood film (thick film) every 12 h until two consecutive smears were negative, and then parasitemia was checked at the follow-up visit. Parasitemia was expressed as the number of parasites per microliter. The time required for parasite clearance was calculated as the time between the beginning of treatment and the time when no asexual forms were found on the blood film. The parasite reduction ratio was calculated as the rate between the parasite density before treatment and that at 48 h, as described by others (14) .
Inquiries on adverse events or their worsening after antimalarial treatment were made daily. A precoded list was used to register the events, but the list was not read to the patient. The treating physician established the grade of severity of the event and its relatedness to the study drug.
Hematochemical investigations were done before the beginning of treatment and at day 3. These investigations included determination of a complete blood count and measurement of creatinine, total bilirubin, alanine aminotransferase (ALT), and lactate dehydrogenase (LDH) levels. Electrocardiography was done before treatment and at day 3.
After discharge, the patients were requested to return for a follow-up visit at day 28. A clinical examination and a parasitological evaluation were done at the follow-up visit. Statistical analysis. Data storage and management were performed with Microsoft Access 97 software. All the data are expressed as means Ϯ standard deviations or medians. SPSS software for Windows (version 11.0) was used for the statistical analyses. The data from the two treatment arms were compared by using the Kruskal-Wallis H test. Differences in categorical variables were assessed by the chi-square test or Fisher's exact test, as appropriate. Statistical significance was defined as a P value Ͻ0.05. Kaplan-Meier estimates were used to analyze the probabilities of detectable parasitemia between the two treatment groups; differences were evaluated by the log-rank test.
RESULTS
From July 1999 to February 2003, 187 patients were enrolled, of whom 93 were randomized to the M group and 94 were randomized to the QSP group. The most likely area of acquisition of malaria was West Africa (n ϭ 174; 93.0%); the largest contributions came from Senegal (n ϭ 83), Ghana (n ϭ 36), and Nigeria (n ϭ 24). Among the 187 patients, 20 were Italians and 167 were foreign-born individuals. Among the individuals in the latter group, information on the time of first arrival into Italy was available for 159: 128 (68.5% of all the cases) were VRF, while 31 were immigrants who had first arrived in Italy. Among the VRF group, 108 (57.7% of all the cases) had been settled in Italy for 5 years or more; the remaining 20 patients had been settled in Italy for less than 5 years.
The baseline demographic, clinical, and parasitological characteristics of the patients are summarized in Table 1 by treatment group. The two treatment groups were similar, except for significantly higher median creatinine and ALT values among the patients randomized to the QSP group. On further analysis, the proportion of patients with creatinine values above the normal range was similar in the two groups (3.3 and 6.4% in the M and QSP groups, respectively; P was not significant). On the contrary, the proportion of patients with ALT values above the normal range was higher in the QSP group than in the M group (15.2 and 28.7%, respectively; P ϭ 0.03). However, the proportions of patients with nausea, vomiting, and liver enlargement at enrollment were similar in the two groups (data not shown).
The early cure rates were similar in the two groups: 98.9% (92 of 93, 95% confidence interval [CI] ϭ 97 to 100%) for patients in the M group and 96.8% (91 of 94, 95% CI ϭ 93 to 100%) for patients in the QSP group (Table 2) . Four patients did not complete the treatment. One patient receiving mefloquine developed persistent vomiting of grade 3 severity. In three patients receiving quinine-SP, treatment was prematurely terminated due to persistent vomiting (one patient), disease progression (one patient, who developed pancreatitis and acute respiratory distress syndrome), and electrocardiographic alterations (one patient).
The extended follow-up (to day 28) was completed by 135 subjects (72.2%) ( Table 2 ). The proportions of subjects completing the extended follow-up were similar in the M and the QSP groups (73.1 and 71.3%, respectively). There were no cases of clinical or parasitological recrudescence at day 28 among the subjects being reevaluated.
The parasite clearance times were similar in the M and the QSP groups, with mean values of 48.2 and 50.6 h, respectively ( Table 2 ). Figure 1 shows the proportions of subjects with 664 MATTEELLI ET AL. ANTIMICROB. AGENTS CHEMOTHER.
on July 7, 2017 by guest http://aac.asm.org/ detectable parasitemia after treatment with the two regimens.
The log-rank test showed that the rate of parasite clearance did not differ in the two arms. The mean parasite reduction ratios were 18.8 and 16.7 for the M and the QSP groups, respectively (P was not significant). The mean fever clearance time was slightly but significantly shorter in patients treated with mefloquine than in patients treated with quinine-SP (35.9 and 44.4 h, respectively; P ϭ 0.05) ( Table 2 ).
The mean hospital stay was also significantly shorter in patients treated with mefloquine than in patients treated with quinine-SP (3.9 and 4.6 days, respectively; P ϭ 0.007) ( Table  2) .
Treatment was readministered due to vomiting to eight patients (8.6%) in the M group and five patients (5.3%) in the QSP group (P was not significant). Antiemetic drugs were administered to 21 (22.6%) and 33 (35.1%) patients in the M and the QSP groups, respectively (P ϭ 0.06). Almost all patients were administered antipyretic drugs.
Side effects (one or more) were reported by 120 (64.2%) patients (Table 3 ). The overall proportions of side effects were similar in the M and the QSP treatment groups (65.6 and 62.8%, respectively). The large majority of side effects were represented by gastrointestinal discomfort, which was reported by similar proportions of patients in the two groups (46.2 and 55.3%, respectively). A significantly higher proportion of patients treated with mefloquine reported central nervous system (CNS) disturbances (29.0 and 9.6%, respectively; P Ͻ 0.001) and, specifically, sleep disturbances (26.9 and 9.6%, respectively; P ϭ 0.02). The odds ratios (ORs) of CNS and sleep disturbances for patients treated with mefloquine and patients treated with quinine-SP were 3.86 (CI ϭ 1.59 to 9.93) and 3.47 (CI ϭ 1.42 to 8.71), respectively. Patients treated with mefloquine were less likely to report tinnitus (2.2 and 14.9%, respectively; P ϭ 0.02; OR ϭ 0.13; CI ϭ 0.02 to 0.61).
DISCUSSION
We report the results of a prospective, randomized, unblinded study comparing two regimens which are commonly used in Italy and other European countries for the treatment of imported falciparum malaria. The early cure rates, the rates of recrudescence at day 28, and the parasite clearance times were similar for patients treated with mefloquine and patients treated with a short course of quinine combined with sulfa medications. The findings that all patients were cured and that all were free of recrudescence at day 28 are clinically important, although the proportion of subjects evaluated at day 28 was low. The fever clearance times and lengths of hospital stay differed between the two regimens. The mefloquine regimen achieved fever clearance faster than the short quinine course, and this probably resulted in the significantly shorter hospital stays for the patients treated with mefloquine. Although the clinical benefit of a shortening of the fever clearance time of less than 12 h is questionable, the shortening of the hospital stay by 0.7 days may be relevant in cost-effectiveness analysis.
Overall, the two groups had similar rates of side effects, and both regimens were generally well tolerated. As expected, mefloquine caused a significantly higher rate of adverse events involving the CNS. Most such events, however, were represented by sleep disturbances and were mild in grade. No severe CNS-related side effects as a result of mefloquine treatment were observed in this study; but the sample size was small, and we cannot add to the knowledge that the expected rates of severe neuropsychiatric reactions are about 0.1% among Asian patients and 0.5 to 1% among European and African patients (11) . Complications like acute intravascular hemolysis are even more rare (1) . The slight increase in the proportion of patients in the QSP arm with increased AST levels at the baseline is unlikely to have affected the efficacy results. In fact, the clinical signs at the baseline, such as liver enlargement and nausea and vomiting, were similar in the two groups. The rates of gastrointestinal system-related side effects that emerged during treatment were also similar in the two groups.
The study has implications for the treatment of imported malaria in developed countries but has no relevance for the management of the disease in areas of endemicity, where other factors, including the costs of the drugs, must be taken into consideration. The results presented here mainly relate to a population of individuals with some residual immunity to malaria, as most of the enrollees were VRFs with 5 or more years of residency in areas of nonendemicity. Indeed, the present state of knowledge does not allow determination of the extent of the residual immune memory in these patients. However, FIG. 1 . Percentage of subjects with detectable peripheral parasitemia after treatment with the two regimens. The log-rank test showed that the rate of parasite clearance did not differ in the two arms. on July 7, 2017 by guest http://aac.asm.org/ these patients are similar to those with imported malaria in Europe described previously (8) . This study had several limitations. First, it was not blinded. The ability of unblinded studies to measure adverse events is weak. On the contrary, our efficacy results are unlikely to be affected by the open design of the study. Second, although no differences in the cure rates were detected, our sample size was too small to demonstrate the equivalence of the two regimens. Third, our findings apply mainly to immigrants and VRF populations and may not be applicable to all nonimmune travelers. However, immigrants and VRFs represent an increasing proportion of cases of imported malaria in Italy and Europe (9) . Finally, our results are limited to patients who acquired the infection in Africa, since the short quinine-SP course that we tested might be ineffective against infections acquired in areas of widespread antifolate resistance, like Southeast Asia and South America (12) . However, our results are largely relevant, at least in Italy, where more than 90% of all cases of imported P. falciparum infection are from Africa (10).
In conclusion, we have provided evidence that the cure rates for patients with imported falciparum malaria treated with mefloquine or a 3-day course of quinine-SP are similar. Mefloquine treatment resulted in a significantly shorter hospital stay and more frequently caused CNS-related side effects that were mild in grade. Clinicians may consider the use of either regimen while awaiting newer therapies, like atovaquoneproguanil (Malarone) and arthemeter-lumefantrine (Riamet). Ideally, the efficacies of these new regimens should be evaluated by use of either of the regimens that we have studied here as a comparator arm. Such studies, however, will have the same problems of sample size if the primary end point is efficacy and will have to be blinded if the primary end point is tolerability.
